China has become the largest emitter of carbon dioxide in the world. However, the Chinese public's willingness to pay (WTP) for climate change mitigation is, at best, under-researched. This study draws upon a large national survey of Chinese public cognition and attitude towards climate change and analyzes the determinants of consumers' WTP for energy-efficient and environment-friendly products. Eighty-five percent of respondents indicate that they are willing to pay at least 10 percent more than the market price for these products. The econometric analysis indicates that income, education, age and gender, as well as public awareness and concerns about climate change are significant factors influencing WTP. Respondents who are more knowledgeable and more concerned about the adverse effect of climate change show higher WTP. In comparison, income elasticity is small. The results are robust to different model specifications and estimation techniques.
Introduction
Since 2006, China has overtaken the United States to become the largest emitter of carbon dioxide in the world (United Nations, 2013 The survey, which was conducted in July-September 2012, has a sample of 4,169 adults from different households over all 31 provinces of mainland China. Respondents were asked, inter alia, how much more they would be willing to pay for energy-efficient and environment-friendly products if these products were to cost more. The majority (85 percent) of the respondents indicate that they are willing to pay at least 10 percent more than the market price and the median WTP is 10-20%. We study the determinants of WTP by estimating an interval regression model, with a robustness check using an ordered probit model. In addition to socio-economic variables such as income, age, education and gender, public awareness and concern over climate change are found to be significant factors influencing WTP for climate change mitigation in China. 1 In comparison, the income elasticity of WTP is small.
While there is a large body of literature examining WTP for climate change mitigation programs or environmental preferences in industrialized countries (see, for example, Lee and Cameron, 2008; Aldy et al., 2012; and De Silva and Pownall, 2013 , among others) 2 , much less is known about this issue in developing and emerging economies. Aklin et al (2013) study the relationship between income, education and people's environmental preferences in Brazil using survey data and find that education, but not income, is a significant predictor of environmental preferences. In the case of China, we are aware of only a handful of studies that have examined consumers' WTP for climate change mitigation. 3 Carlsson et al (2012) use the contingent valuation method to conduct a multiple country study of WTP for climate change, including China, Sweden, and USA. Their Chinese sample has 1,264 respondents from four cities and they find that university education and income are significant determinants of WTP. Zeng (2011) surveyed 1,400 households in four cities -Beijing, Chongqing, Jiujiang, and Nanningfor their WTP for three different CO2 reduction scenarios by 2050 and find that education, household income, and occupation are among the important determinants of WTP. In a similar study, Duan et al (2014) surveyed 1,653 respondents from four provinces -Beijing, Shanghai, Shandong and Fujianon the Chinese public's WTP for policies to reduce CO2 emissions and the analysis shows that age, gender, income, life satisfaction and awareness of climate change are important determinants.
Participants who are male, young, and with higher income, higher satisfaction with their current life, and awareness of climate issues are willing to pay more for CO2 emissions reductions. In another study, Yang et al (2014) conducted a survey in one city, Suzhou, on the east coast of China. Their sample has 840 respondents and they find that age, education, income, along with risk perception of climate change and attitude towards government policies (feeling dread of greenhouse gas emissions, confidence in policy and information disclosure) are important factors influencing WTP.
Our study differs from the existing studies on China in two important aspects. The first lies in the data. Our sample covers all 31 provinces and more than 4000 respondents, which is much larger and more representative than the samples of any of the previous studies. Second, we also study the role of public awareness and perception in explaining variations of WTP. With the exception of Yang et al (2014) and Duan et al (2014) who touch upon the importance of public awareness and risk perceptions, most of the previous studies focus on socio-economic factors and political preferences. The results show that respondents who are more knowledgeable and more concerned about the adverse effect of climate change have a higher WTP after controlling for their revealed environmental preferences, which are approximated by how often they perform certain environment-friendly activities in their daily lives.
The paper proceeds as follows. The next section describes the survey design and presents the summary statistics of the data. In section 3, we examine the determinants of WTP by estimating an interval regression model and an ordered probit model. Section 4 summarizes our findings and conclusions.
The Survey
The survey was developed by the China Centre for Climate Change Communication at In what follows, the variables Knowledge and Worry measure the responses to these two questions respectively. Knowledge and Worry are defined on a range of 1 to 4, with 1 indicating "I've never heard of it" ("Not worried at all") and 4 "I know a lot about it" (Very worried).
Additionally, this section also asks whether the respondents think climate change is happening (after briefly explaining what climate change is) and whether they think climate change is caused by human activities, natural changes in the environment, or does not happen at all (Question A2 and A3). In the empirical section, we will examine how these beliefs influence WTP.
The next section of the questionnaire focuses on public opinions and attitudes towards climate change mitigation measures and policies, including questions on whether they believe humans can cope with climate change challenges, how much they are willing to pay for energyefficient and environmentally friendly products, whether they support a range of environmentrelated policies, and how often they behave environmentally. In particular, the following WTP question is asked in this section:
3. At most, how much more would you be willing to pay for energy-efficient and environmentally friendly products if they cost more than market price? Even though this question is not directly about climate change, we interpret it as a question about WTP for climate change mitigation given the context. 6
Section 3 of the questionnaire relates to the effectiveness of climate change communication in both the sources of information and channels of communication. The last section asks respondents social demographic information, including age, gender, education, occupation, and household income. Table 1 reports the summary statistics of the variables by where the respondent 6 It may be argued that participants choose to pay more because of private returns from energy savings rather than paying for global public goods of climate change mitigation. However, given that China derives 90 percent of its primary energy supply from fossil fuels, of which 70 percent is from coal, and that nearly 90 percent of China's CO2 emission is from burning fossil fuels (Carbon Dioxide Information Analysis Center, 2014), we argue that paying for energy savings is effectively equivalent to paying for CO2 reduction.
lived during the past 12 months. Because age, household income, and WTP are all measured in intervals, we report the medians instead of means for these variables.
To check the representativeness of the data, we compared household income with the official statistics reported by the National Bureau of Statistics (NBS). According to the NBS, in 2011, the median household disposable income was 55,440 RMB in the urban areas and 24,180 RMB in the rural areas, corresponding well with the household incomes reported in our survey. 7
About 55 percent of the survey respondents live in urban areas. The ratio is slightly higher than that of the urban population in the 2010 census (which was 50 percent) and is most likely because telephones are more common in urban than in rural areas. Both sexes responded to the survey although males have a higher probability in responding to the calls, especially in rural areas. The survey didn't ask the exact age of the respondents, but we know which cohort they belong to. The variable Age is thus coded as an ordinal variable ranging from 1 for the cohort of 18-25 years old, 2 for 26-35 years old, to 6 for those older than 65 years. The median age cohort is 36-45 years old in the rural and 26-35 years old in the urban areas, reflecting a generally younger population in the urban areas, which is not surprising as the rapid urbanization offers young people more job opportunities. Education is recorded in four categories, including primary school and below, middle school, high school, and college degrees or above. The variable Education is again defined as an ordinal variable ranging from 1 for primary education to 4 for college degree. The mean education attainment of the urban respondents is clearly higher than that of the rural respondents.
We note that the share of subjects with a university education is higher than the population share, 7 The NBS does not directly report household income. Instead, it has data on per capita disposable income and the average household size. In 2011, the median per capita disposable income was 6,194 RMB for the rural and 19,118RMB for the urban. The average household size was 3.9 and 2.9 people respectively in rural and urban areas.
which is common in a telephone survey of adults because better educated family members (typically the head of the household) are more likely to answer the phone. 8
The median WTP for the full sample as well as the urban and rural samples is "11-20%".
However, there are some differences in the distribution of the WTP between rural and urban respondents. As shown in Table 1a , compared to urban residents, a higher percentage of rural residents are not willing to pay extra for the energy-saving and environment-friendly products, and a lower percentage choose "11-20%". Figure 1 depicts the distribution of WTP for the full sample. "11-20%" is also the mode and mean response. Notably, excluding those answering "I don't know" or "Refuse to answer", only 15 percent of the respondents are not willing to pay extra for the "cleaner" products. 9 With regard to knowledge, on average, urban respondents are slightly more knowledgeable about climate change than their rural counterparts, but the difference is minimal. Similarly, there is no discernible difference between rural and urban respondents when asked "how worried are you about global warming?" Figure 2 presents the distribution of Knowledge and Worry. While only 10 percent of the respondents claim that they have never heard of the topic, nearly 50 percent acknowledge that they know only a little about it. In terms of "worry", the distribution is clearly skewed to the right in that more than 55 percent of subjects are "somewhat worried". 10
One might suspect that Knowledge is highly correlated with Worry. However, as shown in Table 1b , this is not the case. The correlation between Knowledge and Worry is only 0.18, and the correlation between Knowledge and Education is 0.27. In contrast, educational attainment has a higher correlation of 0.21 with household income, which is conceivable as better education offers more opportunities to get higher-paid jobs and may also lead to entrepreneurship.
The determinants of WTP
We now turn to the econometric analysis of the survey responses to investigate the determinants of WTP. Because the WTP data is only observed at intervals, we estimate an interval regression model. To check the robustness of our results, we also estimate an ordered probit model.
Results from Interval Regression
Let W * i denote individual i's WTP for the extra cost associated with the energy-efficient and environment-friendly products and is determined by
where Xi is a vector of covariates, β is a vector of coefficients to be estimated, and  is the error term. W * i is measured in percentage points, but only observed at intervals and right censored, which is denoted as Wi. The covariates include both the socio-economic variables, including
Household Income, Age, Male, Education, and Urban, and the two variables measuring the respondent's awareness of and attitude towards climate change, namely, Knowledge and Worry.
To facilitate the interpretation of the coefficient, income enters equation (1) (2). The estimated coefficients for the socio-economic variables are similar across specifications. Income, Age, Education, and Male are found to be statistically significant at the one percent level. The results broadly agree with the existing literature (Zeng, 2011; Carlsson et al, 2012; Yang et al, 2014; and Duan et al, 2014) . Not surprisingly, income has a positive effect on an individual's WTP for "greener" products. However, the estimated coefficient for the logged income variable suggests that, even doubling the income, which is the government's target for income growth during the period of 2010 to 2020, WTP will increase only 1.2 percentage points. Given the mean WTP of 11-20%, this suggests an income elasticity of WTP around 0.1, which is smaller than those reported by Carlsson et al (2012) Aklin et al (2013) and Yang et al (2014) , we find that education significantly affects an 11 One concern is that "refuse to answer" may signal the respondent's attitude towards the question, which could potentially lead to sample selection bias. For the WTP question, the percentage of "refuse to answer" in the full sample is negligible--merely 0.17 percent, with another 3.12 percent of respondents choosing "I don't know". The low percentage of the nonresponsive subjects is unlikely to significantly bias our results..
individual's WTP after controlling for income. Being more educated, e.g., having a college education instead of only a high school diploma, increases the average WTP by 0.7-1.2 percentage points. Male respondents show a higher WTP than females, which is consistent with the findings of Carlsson et al (2012) and Duan et al (2014) . After controlling for the socio-economic effects, urban residents' WTP is not significantly different from that of rural residents. Although not reported, the majority of the provincial fixed effects are not statistically significant. Indeed, after controlling for the impact of socio-economic and cognitive factors, there is no reason to believe that the WTP of consumers in one province would be systematically higher than that in other places.
Knowledge and Worry are found to be both statistically significant and economically have an even larger effect. On average, a higher level of Worry is associated with a 1.5 percentage point higher WTP. The result agrees with Yang et al (2014) in that the dread of climate change is an important influencing factor of WTP.
One potential concern with the Knowledge and variables is that they could be correlated with the error term in the WTP equation and bias the estimated coefficients. Someone who is environmentally conscious and therefore willing to pay more for environmentally friendly products, is more likely to become knowledgeable about climate change. To examine this issue, we make use of information on respondents' environment-related behavior. Section two of the questionnaire includes a question asking to what extent they behave environmentally in ten different types of daily activities including turning off lights when they are not used, turning off electronic appliances like TV and computers when they are not used, recycling, and saving water. 12 The answers to this question include "1 always", "2 often", "3 sometimes", "4 rarely" and "5 never". We create a variable "Act" which is the average score of the ten types of activities with a coding scheme of 5 for "always" and 1 for "never", so that a higher value of "Act" indicates a respondent who is more environment-conscious. Since Act represents the environmentconsciousness of a respondent, the inclusion of this variable should help control the correlation between Knowledge and the error term in equation (1). Column 3 of Table 2 reports the estimation results when Act is added to the regression. As one would expect, the effect of environmental consciousness on WTP is significant and large. Take the estimated value for example, someone who 'often' acts environmentally has an average of 2 percentage points higher WTP than someone who 'sometimes' behaves environmentally. The inclusion of this variable indeed somewhat lowers the effect of Knowledge and Worry, but they remain statistically significant and economically meaningful. That is, after controlling for their revealed environmental preferences, respondents who are more knowledgeable and more concerned about climate change are still willing to pay more for energy-saving and environmentally friendly products. The results for other variables are quite similar to those reported in column (2).
Since our main WTP question is not directly about climate change, another potential concern is that it may include respondents who are not genuinely paying for climate change. For example, if they don't believe climate change is caused by human activities, or if they don't think 12 The ten questions are: 1) turn off the lights when they are not needed; 2) turn off electronics like TV and computer when they are not being used; 3) reuse things you already have instead of buying new things; 4) use reusable shopping bags; 5) reduce the use of disposable dishware and cups; 6) reduce the use of air conditioning; 7) save water as much as possible, for example, when you brush your teeth and shower; 8) buy locally grown food; 9) classify garbage; and 10) walking, bicycling, or taking public transport instead of driving. The estimation results for the model, with the inclusion of these dummy variables, are reported in columns (4) and (6) respectively. The estimated coefficients for Cause and Cope are both positive yet not statistically significant at the five percent level, indicating, on average, a slightly higher WTP from those who either believe climate change is mainly caused by human activity or think changes in human behavior are necessary to cope with climate change. Next, we investigate if income or knowledge of and concern about climate change affect WTP differently by including a set of interaction terms between the group dummy (Cause or Cope) and the logged income, Knowledge and Worry variables. The results are reported in columns (5) and (7) of Table   2 . None of the interaction terms is statistically significant at the five percent level. Thus, there is no evidence that the effect of income or knowledge of and concern about climate change on a 13 It is entirely possible that someone who does not believe climate change is caused by human activities yet agrees that changes in human activities are necessary to cope with the challenges of climate change. An analogy would be earthquake which is not caused by human activities yet humans can adapt to mitigate the influence of earthquake, for example, by strengthening the building qualities. From the full sample, those who know "a little bit" about climate change are willing to pay about 1.5 percentage points more than those who have never heard of it and those claiming to "know something" are willing to pay another 1.5 percentage points more, however those who "know a lot"
do not appear to be willing to pay much more than those "who know something". In contrast, the effect of Worry is rather linear in that those who are more concerned about the adverse effect of global warming are willing to pay more.
Results from the Ordered Probit Model
To check the robustness of our results, in this section we estimate an ordered probit model (3)
The estimation results using dummy variables for Age, Education, Knowledge and Worry are reported in Table 4 . Columns 1-3 are for the full sample and columns 4 and 5 are, respectively, for the subsample of those who believe climate change is caused mainly by human activities and those who generally agree that changes to human behavior are required to cope with climate change. The results are qualitatively similar to those reported in Table 2 & 3. An individual with a   higher income, young, better educated, male, more knowledgeable and more concerned about climate change, and more environmentally conscious in daily life is more likely to choose a higher WTP for energy-saving and environment-friendly products. The pattern is largely consistent between the full sample and the more restricted samples although, among those who believe climate change is caused by human activities, age (other than the 26-35 cohort) and education are generally not statistically significant because of the large standard errors.
To facilitate interpretation, in Table 5 we compute the marginal effects of each variable on the probability of choosing a possible answer for the WTP question using the full sample estimation result of the ordered probit model that is reported in column 3 of Table 4 . As income increases, the probability of choosing a higher WTP increases, and the probability of choosing a lower WTP decreases. Respondents who are younger, better educated, male and those who are more environmentally conscious in daily life are more likely to choose a higher WTP. Similarly, a respondent who is more knowledgeable and more concerned about climate change is more likely to have a higher WTP. It is noteworthy that the marginal effects of Knowledge and Worry are large. For example, looking at the fourth column, a respondent who 'knows something about it' has 2.2 percentage points higher probability of WTP 21-30% for the environmentally friendly products than the reference case person who has never heard of it. In comparison, the effect of doubling income can only increase the probability of choosing that particular answer by one percentage point. 15 Worry has an even larger effect.
Conclusion
This paper draws upon data from a large national survey covering all 31 provinces in mainland China. The survey finds that 85 percent of the respondents are willing to pay at least 10 percent more for energy-efficient and environment-friendly products if they cost more than otherwise would be. We employ an interval regression model and an ordered probit model to study the determinants of stated WTP for climate change mitigation. The results show that income, education, age, gender, and public knowledge and concerns about the adverse effect of climate change are important factors influencing consumers' WTP. In particular, consumers who are more knowledgeable about climate change and more concerned about its effects have a significantly higher WTP. In comparison, income elasticity is small. The result is robust to different model specifications and estimation methods as well as more restricted samples.
The outcome of international climate change negotiation depends crucially on each nation's willingness to commit to reducing greenhouse gas emissions which, in turn, is subject to the acceptance of citizens. As the economy grows and environmental problems worsen, China, currently the largest carbon emitter in the world, has shown a greater willingness to take on more responsibility to curb its carbon emissions. 16 If the policy goal is to increase the public's WTP for climate change adaptation and mitigation measures, our study suggests that improving public knowledge about climate change and its impact through efforts such as education, communication, and public awareness campaigns might be an effective way of building political support for climate policies.
The research can be extended in several ways. First, although the main WTP question in our survey directly asks consumers about their "out-of-pocket" WTP rather than some conjectural questions that are subject to future uncertain climate scenarios, it is after all a stated instead of revealed WTP. It would be interesting to study how the results compare with actual revealed WTP using consumers' purchase data of different products with varying energy-efficiency and environmental attributes. Second, given the important role of public knowledge in influencing the stated WTP, a natural extension is to study which types of information, communication channels and consumer engagement activities are most effective in raising public awareness. Log ( The table reports the marginal effects of each variable on the stated WTP based on the full sample estimation of the ordered probit model (column 3 in Table 4 ). *** (**, *) indicates significance at 1 percent (5, 10 percent) level.
Figure 1

Distribution of WTP for energy-saving and environment-friendly products
The total number of observations is 4,169. The horizontal axis indicates the possible answers to the question "How much more will you pay for energy efficient and environment-friendly products?" The vertical axis depicts the distribution (in percentage). 
